Objectives: This study aimed to calculate the fluoride concentrations of commonly consumed foods and beverages for 2-years-old children utilizing market basket information for the US Midwest region.
However, when developing teeth are exposed to excessively high amounts of fluoride, changes in the tooth are seen most clearly in the enamel. 2 Excess fluoride can result in dental fluorosis, which generally presents clinically as opacities within the enamel. The critical time for the development of enamel fluorosis of maxillary central incisors has been suggested to be during the first 3 years of life. 3 Over the last three decades, it has been reported that the prevalence of enamel fluorosis is on the rise in the United States. 4 Most of the observed fluorosis is very mild or mild, which is difficult to distinguish by the lay public, but there are also more cases of moderate-to-severe fluorosis being reported. It has been concluded that fluoride appears to be more readily available for consumption | 251 nowadays during the critical window when enamel is most susceptible to fluorosis. 4 A National Institute of Dental and Craniofacial Research (NIDCR) survey conducted in 1987 showed that 22% of those aged 7 years and older had fluorosis, 4 
while a National Health and Nutrition Examination Survey (NHANES)
conducted from 1999 to 2002 showed that 32% of those aged [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] had some level of fluorosis, with very few being any more severe than mild cases. 5 The Environmental Protection Agency (EPA) recently conducted a review of the exposure and relative contribution of all fluoride sources, utilizing the available information. It showed that sources with the greatest contribution to total fluoride ingestion include the diet, water and dental products. 6 As soon as a child begins to ingest a broader array of foods or liquids (over and above formula or breastmilk alone), his/her exposure to fluoride may increase. 7 Many studies have attempted to determine fluoride intake at the individual level, primarily utilizing either surveys or direct observation and measurement. 6, 7 At the population level, a market basket approach has been suggested to be more representative of intake based on locale, as it is based on an analysis that selects a number of the most commonly bought food and beverages. 6 Such studies have shown that infant baby food can have differing amounts of fluoride depending on which type of food is highest in proportion in the product. 7 For example, chicken-based products have been reported to contain the most fluoride.
7
In younger children, water intake can be a large contributor of fluoride to the diet. It has been determined that water's contribution depends on the amount taken, the level of fluoride in the water source and the purification method (if any) which is used. 6 It has been estimated that children 1-3 years of age consume on average 0.44 mgF/d from average water ingestion if the concentration of the water they consume falls within the 90th percentile (1.43 mg/L), as described by the EPA. 6 Water ingestion includes direct and indirect sources; the latter include water incorporated into beverages and foods. There are other, less significant sources of fluoride in the environment. Dust and soil, for example, can contribute to a person's total fluoride intake. 6 Over the years, research has pointed towards possible changes in the fluoride concentrations of specific foods and beverages and in the average total fluoride ingestion. 6 These differences have been attributed to changing detection and collection methods, as well as to changes in the foods consumed. During the past 30 years, important advances have been made in the methods used for fluoride analysis. 6, 8 Colorimetric studies which were previously conducted have the drawback that other particles within the food can interfere with the essay. More recent studies use a fluoride-ion-specific electrode to measure fluoride levels. 6, 8 The primary purpose of this study was to determine fluoride concentrations in currently consumed foods and beverages in the US Midwest using standardized analytical methods. The secondary aim was to pair fluoride concentration data with intake information in order to estimate how much dietary fluoride a 2-years-old child could be ingesting.
| METHODS

Foods and beverages consumed in the US Midwest region Market
Basket were included in the study. Market basket studies, also called the total diet studies (TDSs), are conducted by the Federal Drug Administration (FDA) in the United States. 9 The foods and beverages collected for the TDS are representative of the major components of the average diet of the US population, based on national foodconsumption surveys. The TDSs obtain foods and beverages in a Fluoride levels are not assessed in the TDA; however, information about common diet components can be taken from this research. States. NHANES reports on foods/beverages so that a typical diet can be constructed. These are reported in the WWEIA databases.
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We obtained the specific lists for the male/female 2-years-old subgroup, which is one cohort that would be more susceptible to developing enamel fluorosis in teeth which are most visible and could present an aesthetic problem and for which the information would be most relevant. 3 Comparing the WWEIA and TDS food lists showed that 117 foods and beverages were present in both lists.
These foods and beverages, classified into 10 categories (beverage, dairy, egg, at/oil, fruit, grain, legume, mixture, meat/protein/fish, sweets and vegetable), represent the most frequently consumed foods and beverages for our target age group in the Midwest.
A complete list is provided in the supplemental material for this article. goodness of fit were finally selected from that subset with the best goodness of fit results, including a discount supermarket chain, a large supermarket chain and a discount regional chain variety store. A set of foods and beverages was then purchased at each of the selected three locations. If the store brand was available, this was purchased because it tended to be the more inexpensive option.
Every purchase made was of the exact sample as it was written. For example, the fruit juice samples were natural juices with sugar, not a sugar-free or reduced sugar juice option. No attempt was made to purchase an organic product over a nonorganic product. We attempted to obtain one sample of each item from the three different locations. One hundred and thirteen foods were collected at one store, 76 items were obtained at a second one, and 115 samples were collected at a third store. A total of 291 samples were collected. There were at least two samples per item, with 57 items having three. Items were not obtained if they were not available in stock at the location on the collection date. No duplicate items were purchased.
Once food and beverage products were obtained, the samples The estimated fluoride concentrations of the foods and beverages were combined with the ingestion information to calculate estimated fluoride intake. 10, 11 Fluoride per gram of food was calculated for each of the food categories using all foods within each category.
Daily mean and percentile total fluoride intake were estimated using a simulation analysis of the typical diet for a healthy 2-years-old, as reported in WWEIA. 11 The simulation involved randomly generating 10 000 days of a typical diet. This simulation approach allowed us to randomly select products within food categories with varied fluoride intake. Both WWEIA and TDA data sets report amount of foods consumed by grams daily, and WWEIA reports records per day for each survey participant. However, the variables that are included in these data sets did not allow us to create a simulation that randomly combined different foods and beverages within the categories. For that reason, we elected to use food servings. The daily food servings for a typical diet for a healthy 2-years-old were as follows: four milk, two juice, one dairy (eg cheese, yogurt, etc.), one sweet treat (eg cookie, cake), one snack (eg popcorn, pretzels), one fruit, two vegetables, one pasta/rice/potato, two bread, two meat, one cereal or egg, one condiment (eg butter, jelly, salsa). There was no variation in the number of servings or the serving sizes. The variation was in the foods selected for each day of the simulation. With the wide variety of foods available within each of the food categories, it was considered that this would adequately represent the variation in fluoride T A B L E 1 Demographic characteristics from residents of the census tracts corresponding to collection stores ingestion. The serving sizes depended on the specific foods and were based on the information on the food labels, and the intake data sets. The individual foods were placed in one of the serving categories. Mixed foods were assigned to multiple categories based on WWEIA information, as appropriate; for example, a hamburger is a meat and a bread serving. Most information is for an "adult" serving, which was converted to a child serving as appropriate. 
| RESULTS
One hundred and seventeen foods and beverages were selected for inclusion in the study. These were selected based on the TDS food lists 10 which were cross-referenced with NHANES-WWEIA data. 13 Data on the food and beverage distributions of fluoride concentrations are presented in Tables 2 and 3 .
Food and beverage's fluoride concentrations varied widely, ranging from nondetectable for some products to more than 3.0 lgF/g food for some processed meats and fish, vegetables and fruit. Some dairy and grain samples had concentrations higher than 2.0 lgF/g.
Some relatively low-mean fluoride items include sweets at 0.20 lF/g, vegetables at 0.34 lF/g and beverages at 0.33 lF/g. High-fluoride groups include grains at 0.73 lF/g and "mixture" category at 0.62 lF/g. Dairy, egg, fats and oils, fruits and grains all had some items with fluoride levels so low that they could not be detected.
To account for the variability in the fluoride levels for each category, we simulated the daily fluoride intake amount as Finally, a duplicate plate study in Indianapolis reported that children with an average age of 28 months consumed 0.965 mg/d when fluoride intake from foods, beverages and dentifrice was analysed. 19 Foods and beverages contributed an average of 0.542 mg/d (56.2%) of this intake. However, these data are not easily compared to ours because the Indianapolis study does not report the contribution from foods and beverages other than water. 19 The limitations of our study include the fact that we did not obtain duplicate samples for individual items within a single store.
We also did not include different flavours and brands, as well as product lots. This may have prevented us from determining withinsample variation. However, we managed to obtain at least two samples per item, with 57 items having three samples from different stores. Other limitations include the lack of information about the actual brands, flavours, lots and sizes that were ingested by our target population. Finally, our data do not allow for the determination of the relative contribution from foods and beverages, as water intake was not included in our simulations; this means that comparisons to some other studies are limited.
This study precisely determined fluoride concentrations of currently consumed foods and beverages and allowed us to report how they vary widely. We can therefore conclude that the daily intake for 2-years-old children will depend on the foods typically 
